Introduction
============

Despite rising patient numbers, clinical research in elderly patients is underrepresented;[@b1-cia-14-321]--[@b6-cia-14-321] some important treatment approaches have even not been evaluated at all in the elderly.[@b4-cia-14-321],[@b5-cia-14-321],[@b7-cia-14-321] Reaching high-level evidence by means of clinical studies is challenging in surgery in general,[@b8-cia-14-321],[@b9-cia-14-321] and when elderly patients are involved, the obstacles seem potentiated, especially with respect to obtaining legitimate informed consent (IC).

Historical background
---------------------

The current attitude toward research in humans is based on relatively new developments. Following the Hippocratic tradition and Percival's Medical Ethics, deliberate nondisclosure has long been practiced.[@b10-cia-14-321]--[@b13-cia-14-321] For medical treatment, the imperative for consent was only determined in the 20th century ("every human being of adult years and sound mind has a right to determine what shall be done with his own body").[@b14-cia-14-321]

The "Berlin Codex" of 1901,[@b15-cia-14-321] by contrast, is the first legally binding document that enforces consent for research; in addition, it specifically prohibits research in vulnerable populations and defines responsibilities for the compliance with these requirements. This governmental directive was issued as reaction to a research project in which prostitutes were unknowingly treated against syphilis with serum from recovering syphilis patients. The result was an epidemic of syphilis among the prostitutes and, most probably, their clients.

The doctrine of IC per se was formulated in the late 1940s in the Nuremberg Code[@b16-cia-14-321],[@b17-cia-14-321] as reaction to the atrocities in the name of scientific progress during the Nazi regime. The Nuremberg Code roughly outlined the basic principles of research ethics that were established in more detail for the Declaration of Helsinki (DoH) of 1964.[@b18-cia-14-321] Unlike the Berlin Codex, however, these guidelines had no legal status, thus rendering the prevention or ban of questionable practice difficult. Beecher[@b19-cia-14-321] and Pappworth[@b20-cia-14-321] have both published reports about -- from our present perspective -- unbelievable cases of scientific misconduct in US health care institutions. Some of the studies were even approved by the regulatory authorities, as, for instance, the Tuskegee experiment: in this long-term observational study that was started in 1932, approximately 400 men suffering from syphilis were not adequately treated (even after the benefit of penicillin had been broadly accepted), in order to evaluate the natural course of the disease. Even in a re-evaluation in 1969, the Centers for Disease Control and Prevention reaffirmed the need for a continuation of the study. The study was only stopped 2 years later after a public outcry.[@b21-cia-14-321] This incident led to the implementation of the National Research Act in 1974,[@b22-cia-14-321] and consequently, the Belmont Report[@b23-cia-14-321] that defines the following three basic ethical principles to guide research practice: Respect for personsBeneficenceJustice.

This development and the implementation of institutional review boards and competent ethics committees coincided with the establishment of Good Clinical Practice (GCP) guidelines[@b24-cia-14-321] that were embedded both in the Code of Federal Regulations in 1980[@b25-cia-14-321] and the European legislation.[@b26-cia-14-321]

Not until \~40 years, laws give specific guidance on research with competent adults. The inclusion of patients with restricted cognitive or age-related capacity, however, is heavily regulated on the one hand, but remains vague considering details and definitions as was shown for nine European countries.[@b27-cia-14-321] In geriatric populations, the percentage of patients suffering from cognitive impairment and decisional incapacity is high, and current regulations only poorly reflect the oftentimes fluent transition from competence to incompetence that is typically encountered in daily practice.[@b28-cia-14-321]--[@b31-cia-14-321]

Competence and capacity
-----------------------

Competence (as a legal term) and capacity (as functional description) are integral aspects of IC that, in turn, is an implicit part of one's personality until proven otherwise. Accordingly, the United Nations Educational, Scientific, and Cultural Organization clarifies "... proof of incapacity is required, not proof of capacity. Foolish decisions can be voluntarily made by the most autonomous people and the freedom to do so should not be restricted by imposing over-stringent standards of capacity ... ."[@b32-cia-14-321] Also, current expert panels support this attitude of accepting seemingly unwise decisions without principally questioning capacity as a consequence,[@b5-cia-14-321] which is regularly the case in daily clinical practice from our experience.

Recognizing evidence of incapacity or incompetence is dependent on the observers' advertence, vulnerability to bias, education, and experiences on the one hand, and on the degree of impairment and the patients' ability/interest to dissimulate on the other hand. Neurological or psychiatric comorbidities aggravate the impression of incompetence.[@b33-cia-14-321] In this context, it is also important to note that evidence of cognitive impairment does not necessarily imply incompetence. Capability and, in consequence, competence is task specific, and thus dependent on the complexity of the task in proportion to the degree of impairment.

Scores in neuropsychological tests such as the Mini Mental Status Examination (MMSE) tend to correlate with the probability of incompetence.[@b33-cia-14-321]--[@b36-cia-14-321] However, they only provide circumstantial evidence, which limits their usefulness as legal basis. Other tests have been specifically designed to assess four dimensions of competence:[@b37-cia-14-321] Understanding (intake and procession of information)Appreciation (evaluation of information in the individual context)Reasoning (comparison of alternatives and realization of consequences)Choice (deciding on one option and communication of the choice).

However, adequate application of these tests requires exercise and education, as they are prone to a high interob-server variability; furthermore, they tend to be time consuming, which restricts their use in clinical routine.

There are several difficulties in research with elderly patients. One of these is the definition of "elderly". While the term "octogenarians" is specific, the terms "geriatric" and "elderly" are used at random. Some refer to individuals older than 60 years as geriatric, which would probably very much displease them; the WHO states "old is an individual-, culture-, country- and gender-specific term"[@b38-cia-14-321] without further clarification. Another approach defines the geriatric patient either by typical multimorbidity and old age (usually ≥70) or solely by an age ≥80 due to an age-typical "vulnerability for complications, long-term sequelae, chronicity, and loss of autonomy".[@b39-cia-14-321]

We use the term elderly for the population ≥65 years and geriatric for the population ≥65 with a component of frailty due to relevant comorbidity. The European Forum for Good Clinical Practice and the GCP guideline E7 issued by the International Council for Harmonisation (ICH-GCP) E7 give similar advice proposing an age cut-off of 65 years, but stressing the importance of also including patients ≥75 years,[@b6-cia-14-321],[@b40-cia-14-321],[@b41-cia-14-321] especially given the importance of biological age compared to numerical age.[@b5-cia-14-321]

In addition to procedural difficulties like potential age limits or obtaining legitimate informed consent, other aspects might complicate research in the elderly. These often are inherent with the target population: the possible influence of comorbidities or concomitant medication, malcompliance or unintentional nonadherence to protocols, high dropout rates, functional and cognitive decline, and mortality. In view of the demographic changes, specific age-adapted treatment approaches will have a significant social and health-economic impact that has to be evaluated by means of research in geriatric patients.

Here, we present the results of an empirical study that analyzes the current practice of conducting studies in geriatric trauma patients with respect to handling of IC, choice of inclusion criteria, and assessment of basic patient characteristics in geriatric populations. Finally, we discuss potential improvements and present, in particular, a proposal for the handling of IC in geriatric populations.

Materials and methods
=====================

In order to evaluate the current situation, a literature search of the PubMed database, comprising a 10-year period from 2005 to 2015, was performed according to the PRISMA guidelines in 07/2016. The aim of the search was to identify studies in the field of orthopedic and trauma surgery that explicitly focus on a geriatric population (paraphrased with the search terms "geriatric", "elderly", and "octogenarians"). The complete search string is shown in the Supplementary material. The resulting articles were screened based on title and abstracts with respect to the following inclusion and exclusion criteria:

Inclusion criteria: Clinical trials including elderly patient populations in orthopedic and trauma surgeryRandomized controlled trials (RCTs), pro- and retrospective studies, and case series.

Exclusion criteria: Language other than English, German, or FrenchUnavailability of full text even after contact with the corresponding authorSurgical subspecialty other than orthopedic and trauma surgery (exclusion of spinal surgical trials)Biomechanical studies, basic science, study protocols, and cost analyses.

The screening was performed by JSJ under the supervision of FJS. For articles meeting the inclusion criteria, full texts were assessed for the prespecified aspects listed in [Table 1](#t1-cia-14-321){ref-type="table"}. The items were selected in order to obtain information on the handling of IC, the reported assessment of certain aspects relevant in geriatric populations, and their use as inclusion/exclusion criteria. This assessment was also performed by JSJ under supervision by FJS. Some items were further processed prior to the statistical analysis: countries were grouped by continents, the impact factor was categorized, and the mean age was set to the average of minimal and maximal age in studies not specifically reporting this value. All data were analyzed using SPSS and STATA ([Table S1](#SD1-cia-14-321){ref-type="supplementary-material"}).

Results
=======

By means of the search strategy reported in the Supplementary material, our search identified 649 articles. After screening based on title and abstract, 183 articles were included in the analysis (see [Figure 1](#f1-cia-14-321){ref-type="fig"} for the PRISMA flowchart).[@b42-cia-14-321]

[Table 2](#t2-cia-14-321){ref-type="table"} depicts the assessment of certain relevant patient characteristics in geriatric populations as well as their use as inclusion/exclusion criteria. The majority of studies did not report on age-related pathologies or the weight/nutrition status, whereas 51% reported on a frailty assessment. The use of walking aids as an indirect aspect of a limitation in independence and the living status upon recruitment were reported in about 10% of all studies. If assessed, frailty, age-related pathologies, incapability of IC, and diagnoses related to cognitive impairment were each used as the exclusion criterion in over one-third of studies.

Half of the studies did not include patients above 90 years and half of the studies had a mean age of \<80 years, as depicted in [Table 3](#t3-cia-14-321){ref-type="table"}. Similarly, in more than half of the studies, the patients' predominant ASA scores were ASA 1 or 2, while ASA 3 and 4 patients were not present in \>10% of all studies.

[Table 4](#t4-cia-14-321){ref-type="table"} reports the described IC procedures. Only few studies accepted third-party consent, and a minority of articles described a formal assessment of capacity. Of the few articles that document the option of third-party consent, only one acknowledges patients' assent or dissent, which though is a relevant aspect of patient autonomy in the context of decisional incapacity.

Additionally, more formal study characteristics were evaluated as shown in [Table 5](#t5-cia-14-321){ref-type="table"}. Most of the included studies were performed in European countries. Over the years, an increase in the number of studies can be observed. The majority of studies were RCTs; however, only a small proportion was designed as multicenter studies.

In-depth evaluation of these trials revealed a comparison of established techniques or implants in the vast majority of publications. The non-RCT type trials were dominated by case series on similarly established treatment options ([Table 6](#t6-cia-14-321){ref-type="table"}). One RCT and two non-RCTs evaluated experimental interventions.

The principles of GCP were only rarely mentioned in these studies; similarly, the DoH was mentioned in \<20% and ethical approval in about 80% of the studies.

Assessing the possible relation between the methodologic complexities of specific trial subtypes and the documented adherence to ethical guidelines or rigorousness of inclusion and exclusion criteria, we indeed found a respective tendency with more frequent mentioning of ethical guidelines and more rigorous patient selection in RCTs, especially when comparing the RCTs to retrospective case series ([Table 7](#t7-cia-14-321){ref-type="table"}).

The reporting of ethical standards did not change over time, as shown in [Table 8](#t8-cia-14-321){ref-type="table"}. The same holds true for the reporting of recruitment rates as an aspect of external validity, with 73 of the 183 studies specifying inclusion and screening rates. The population size of the included studies ranged from 10 to 1,500 participants. While 111 articles did not report an inclusion rate, 49 RCTs and 24 non-randomized trials reported average recruitment rates of 49% (4%--100%, median 50%) and 66% (16%--100%, median 69.5%), respectively.

Discussion
==========

The analysis of the previously described literature in view of the current regulatory conditions points to a certain potential for improvement at least in the exemplarily chosen area of gerontotraumatology.

The failure of most trials to mention adherence to central ethical guidelines such as the DoH or GCP is astonishing. The implied negligence of central research-ethical principles is hardly acceptable for clinical research in potentially vulnerable patient populations, such as the geriatric.

In addition, there seems to be a tendency toward the exclusion of patients based on old age, comorbidities, frailty, or cognitive impairment (ie, "difficult" patients), but without scientific reasoning. This practice of narrow exclusion criteria puts vulnerable populations at risk, while trying to protect them from exploitation. Ultimately, "evidence" on geriatric patients is generated based on patients lacking the typical characteristics of old age, such as frailty, comorbidities, and cognitive impairment. Therefore, the external validity of such "evidence" is highly questionable. The external validity is further jeopardized by low recruitment rates.

Old, ill, frail, and cognitively impaired patients are not only highly vulnerable to exploitation by doctors, researchers, or other perceived authorities,[@b43-cia-14-321] but also suffer from a lack of evidence-based therapeutic approaches and benefits from medical progress. Therefore, exclusion criteria without scientific or legal necessity should be virtually minimized, thus avoiding potentially hazardous consequences such as increasing the barriers for the inclusion of individual patients or necessitating larger patient samples, given the mean recruitment rate of 50% and high dropout rates.

It has to be acknowledged though that, especially considering the aspect of legitimate IC, current ethical guidelines for clinical research fail to support the inclusion of mentally impaired patients/subjects through specific and appropriate advice -- an effect that is itself ethically problematic. In consequence, the current practice of obtaining IC is heterogeneous, IC is omitted as in 20% of analyzed trials, or patients are primarily excluded if a straightforward IC seems unrealistic. Clinical research and IC have to be based on the respectful and trustworthy partnership between patient and researcher -- not unlike that between patient and physician. Therefore, one option for improvement would be the adjustment of the level of required information to the patient's respective cognitive capacity resulting from a general neuropsychological assessment. Flooding patients with 20 aspects (as in ICH-GCP E6 paragraph 4.8.10)[@b44-cia-14-321] of study conduct renders IC an empty shell. Instead, we propose a stepwise approach in cognitively impaired patients, adapting the extent of imperative information to both the 1) trial-related risks and 2) the difference between the proposed treatments (eg, conservative vs surgical compared to two surgical approaches or different types of splints) to the (assessed) abilities of the patient. This approach is similar to the concept of "low-intervention clinical trials" elaborated in Regulation (EU) No 536/2014,[@b45-cia-14-321] which suggests "less stringent rules" for the execution of these trials that are immensely important for the assessment of standards of care. This rule would apply for the vast majority of the above-evaluated trials. Its application could increase overall recruitment rates and, therefore, enhance the external validity of the results.

The propositions below though outreach the concept of "low-intervention clinical trials" as well as the relatively vague guidelines issued by, for example, the Swiss Academy of Medical Sciences, for example, on "care and treatment of people with dementia (2017)" or "medical treatment and care of people with disabilities (2008, updated 2013)".[@b46-cia-14-321] These guidelines stress the importance of research in geriatric patient populations and give advice on reaching treatment decisions, but fail to give practical guidance for IC to research.

As described previously, there are four dimensions of competence: Information considering the necessary decision can be understood (dimension of understanding).The effect and consequences deriving from the choice of one possible alternative can be weighed against those deriving from the choice of another (dimension of appreciation).Information can be rationally interpreted in the context of a coherent system of norms and values (dimension of reasoning).A choice can be communicated (dimension of choice).

The measurement of these abilities poses a certain challenge in daily practice, since repeat-back interviews or the MacArthur Competence Assessment Tool is time intensive and requires specific experience and training of the assessor. The MMSE, in contrast, is already widely used, available, and validated in many languages with high inter-rater reliability.[@b47-cia-14-321],[@b48-cia-14-321] The correlation between MMSE or cognitive function and competence is admittedly only loose, though several studies describe thresholds that are clearly associated with clear deficits in competence (≤23), limited competence (23--26), and high probability of preserved competence (\>26).[@b28-cia-14-321],[@b34-cia-14-321]--[@b36-cia-14-321]

Patients with a legal representative can be considered for inclusion in a trial if all of the following statements apply: The patients show no signs of refusal (ie, give their assent).The legal representative consents.

Patients with an MMSE score of 23, but without an appointed legal representative can be considered for inclusion in a trial, if all of the following statements apply: The patients show no signs of refusal (ie, give their assent).The risk of the trial (ie, both treatments) is negligible.The patient's relatives or close relations consent (according to the hierarchy on potential substitute-decision makers imposed by the Swiss Civil Code).[@b49-cia-14-321]

Patients with an MMSE score between 23 and 26 can be considered for inclusion in clinical trials if all of the following statements apply: The patient consents.The patient understands that he/she can refuse to take part without consequences.The patient understands that other treatment methods are available and that those can be chosen independently of the proposed trial.The patient understands the principles of the proposed procedures, their risks, and benefits.The patient understands that neither he/she nor the treating physician can choose the treatment method (in case of randomization).The patient's relatives or close relations agree (this oral agreement has the aim of supporting the patient, rather than a legal function).

Patients with an MMSE score over 26 are considered for inclusion independently of the above-mentioned measures.

In order to protect our patients, we propose to include additional third-party consent if competence can be assumed, but MMSE is conspicuous, or if there are indeed signs of incompetence.

In addition, we propose addressing the following further aspects:

First, the perception of the environment might differ in frail elderly patients from the perception in younger patients, given a potential impairment of vision, hearing, adaptation to a new environment, and so on.[@b50-cia-14-321]--[@b52-cia-14-321] Indeed, Inouye and Charpentier[@b53-cia-14-321] have described precipitating factors for delirium: the use of physical restraints, malnutrition, more than three medications added, use of bladder catheter, and any iatrogenic event. These could be interpreted as modifiable external risk factors that should be optimized along with factors such as nutrition, electrolyte disturbances, inter-current infection, and so on, which have been identified as predisposing factors.[@b54-cia-14-321]--[@b56-cia-14-321] As part of a respectful partnership, patients should be made as comfortable as possible before being asked to give consent. Overstimulation should be avoided by reducing the surrounding noise, adapting the light, avoiding disturbance, inclusion of close relations, and sufficient analgesia (measured via visual analog scale).[@b57-cia-14-321] First, as part of a specific gerontotraumatologic approach, we try to reduce the time in the emergency ward, minimize tubes and lines and, if possible, operate on all patients within a maximum of 24 hours. Furthermore, for clinical research, pictures and big font size for written information should be used to ensure legibility. Second, we suggest a re-evaluation that should take place at least 6 hours after the initial inclusion. To ascertain the understanding of the above-mentioned points, the evaluation with standardized repeat-back[@b58-cia-14-321] or a brief assessment of capacity[@b59-cia-14-321] should be considered intermittently to ensure proper conduct, especially in an initial phase and for complex interventional trials. This approach might be hampered by the development of preoperative delirium that has been reported to range from 4.4% to 33%,[@b54-cia-14-321] depending on the presence of predisposing and precipitating risk factors. We, therefore, consider a close collaboration with family, friends, and close relations essential in order to capture patients' wishes and life concepts and respect them in clinical research. In case of inter-current cognitive deterioration, the willingness to continue participation in the trial is ascertained at every follow-up visit.

Third, on a more general basis, we also suggest including healthy representatives of the respective target population or patient organizations as reviewers for the protocol, the IC material, and the process of the trial.

These measures ultimately lead to the introduction of the concept of "shared decision making" between patient and researcher. In the realm of treatment decisions, this principle has been welcomed even on the most prestigious forums of medicine,[@b60-cia-14-321] and it allows a more individualized process of obtaining the patients' understanding and response to a recommendation. If we honestly aim at specifically and legitimately including geriatric patients in research and keeping research in these patients attractive, we have to propose, possibly in analogy to the concept of shared decision making, guidelines that are practicable and meet the spirit of the doctrine of IC rather than the letters of bureaucratic forms.

Conclusion
==========

Scientific and medical progress for geriatric patients is currently stagnating, with only little research conducted in this specific population. Literal adherence to guidelines and regulations leads to cumbersome inclusion procedures that discourage researchers and do not protect, but rather disrespect, the right of cognitively impaired and, therefore, vulnerable elderly or geriatric patients to access relevant research. The situation could be improved by adjusting the level of required information to the patients' cognitive capacity after a simple neuropsychological assessment with certain additional safety measures before final inclusion. The introduction of the concept of shared decision making could additionally help to rectify the currently somewhat precarious research practice. Common sense and explicit respect for the needs of the individual seem to more accurately meet the spirit of the doctrine of IC than following bureaucratic procedures to the letter.

Supplementary material
======================

Search term
-----------

(((((surgery\[MeSH Major Topic\]) OR traumatology\[MeSH Major Topic\]) OR sur-gery\[Title/Abstract\]) OR traumatology\[Title/Abstract\])) AND ((((((geriatric\[MeSH Major Topic\]) OR elderly\[MeSH Major Topic\]) OR octogenarian\[MeSH Major Topic\]) OR geri-atric\[Title/Abstract\]) OR elderly\[Title/Abstract\]) OR octogenarian\[Title/Abstract\]).

###### 

Items extracted from each article and analyzed variables

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Item                                     Description, definition                                                                                                                                                                               Value, categories
  ---------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------
  Title                                    Title                                                                                                                                                                                                 

  Authors                                  Authors                                                                                                                                                                                               

  Country of study                         In which country was the study performed                                                                                                                                                              

  Continent of study                       In which continent the study was performed according to the "country of study"                                                                                                                        −999= Missing\
                                                                                                                                                                                                                                                 1= Europe\
                                                                                                                                                                                                                                                 2= Asia\
                                                                                                                                                                                                                                                 3= Africa\
                                                                                                                                                                                                                                                 4= North America\
                                                                                                                                                                                                                                                 5= South America\
                                                                                                                                                                                                                                                 6= Australia and Oceania\
                                                                                                                                                                                                                                                 7= Australasia

  Impact factor                                                                                                                                                                                                                                  

  Journal                                  Journal                                                                                                                                                                                               

  Year                                     Year                                                                                                                                                                                                  

  Screening number                         Number of patients screened                                                                                                                                                                           

  patients_included                        Number of patients included                                                                                                                                                                           

  MINALTER                                 Minimal age reported                                                                                                                                                                                  

  MAXALTER                                 Maximum age reported                                                                                                                                                                                  

  weight_nutritional                       Weight and/or nutritional status reported as BMI, or specific blood work                                                                                                                              0= not reported\
                                                                                                                                                                                                                                                 1= yes, only weight\
                                                                                                                                                                                                                                                 2= yes, only nutritional status\
                                                                                                                                                                                                                                                 3= yes, both

  Frailty                                  Was there any assessment for frailty reported?                                                                                                                                                        0= no\
                                                                                                                                                                                                                                                 1= yes

  frail_excluded                           Were frail patients excluded from the studies?                                                                                                                                                        0= no\
                                                                                                                                                                                                                                                 1= yes\
                                                                                                                                                                                                                                                 2= not mentioned

  ASA                                      Was the ASA reported?                                                                                                                                                                                 0= no\
                                                                                                                                                                                                                                                 1= yes

  ASA_3\_4                                 When yes, what percentage of patients was at least ASA 3 or 4?                                                                                                                                        Percentage

  independent_walking                      Independent walking reported                                                                                                                                                                          0= no\
                                                                                                                                                                                                                                                 1= yes

  low_energy_trauma                        Were patients included, who were injured during low-energy trauma like falling?                                                                                                                       0= no\
                                                                                                                                                                                                                                                 1= yes\
                                                                                                                                                                                                                                                 2= not mentioned

  percent_suffer_trauma_falling            What percentage of patients suffered from trauma during falling?                                                                                                                                      Percentage

  exc_age_pathology                        Were patients with typically age-related pathology excluded?                                                                                                                                          0= no\
                                                                                                                                                                                                                                                 1= yes\
                                                                                                                                                                                                                                                 2= not mentioned

  kind_pathology                           If yes, what kind of pathology?                                                                                                                                                                       

  Independent_living                       Was independent living patient mentioned or reported?                                                                                                                                                 0= no\
                                                                                                                                                                                                                                                 1= yes\
                                                                                                                                                                                                                                                 2= not mentioned

  inexmeasure                              Was there an inclusion/exclusion criterion based on a formal assessment of cognitive impairment? Was the assessment named? (INEXMEASURE)                                                              0= no\
                                                                                                                                                                                                                                                 1= yes (named)\
                                                                                                                                                                                                                                                 2= yes (not named/defined)

  Tools_Cog_Imp                            Which tool was used for measurement of cognitive impairment?                                                                                                                                          −999= Fehlender Wert\
                                                                                                                                                                                                                                                 1= Short MMSE/MMSE\
                                                                                                                                                                                                                                                 2= AMT\
                                                                                                                                                                                                                                                 3= SIS\
                                                                                                                                                                                                                                                 4= 6-CIT\
                                                                                                                                                                                                                                                 5= CDT\
                                                                                                                                                                                                                                                 6= Mini-Cog\
                                                                                                                                                                                                                                                 7= GPCPG\
                                                                                                                                                                                                                                                 8= Other

  Value                                    If yes, which measurements, instruments, and cut-off points were used for each tool?                                                                                                                  -999= Fehlender Wert\
                                                                                                                                                                                                                                                 0= no\
                                                                                                                                                                                                                                                 1= yes

  consent_required                         Was consent required as the inclusion criterion?                                                                                                                                                      0= no\
                                                                                                                                                                                                                                                 1= yes\
                                                                                                                                                                                                                                                 2= unknown

  consentgiver                             Who gave consent?                                                                                                                                                                                     0= not described\
                                                                                                                                                                                                                                                 1= Patient himself\
                                                                                                                                                                                                                                                 2= Relative/guardian\
                                                                                                                                                                                                                                                 3= Patient or relative and so on

  Person                                   How was the person who gave the IC in incapable patients phrased?                                                                                                                                     1= legal representative\
                                                                                                                                                                                                                                                 2= proxy\
                                                                                                                                                                                                                                                 3= trustee\
                                                                                                                                                                                                                                                 4= relative\
                                                                                                                                                                                                                                                 5= relatives or friends\
                                                                                                                                                                                                                                                 7= legal representative or caregiver

  howincap                                 Is any information on how the capability of patients was assessed?                                                                                                                                    0= no\
                                                                                                                                                                                                                                                 1= yes, clinical judgment\
                                                                                                                                                                                                                                                 2= yes, assessment of cognitive impairment\
                                                                                                                                                                                                                                                 3= yes, existence of legal representative

  Randomized                               Was the study a randomized study?                                                                                                                                                                     0= no\
                                                                                                                                                                                                                                                 1= yes

  Multicenter                              Was the study a multicenter trial?                                                                                                                                                                    0= no\
                                                                                                                                                                                                                                                 1= yes\
                                                                                                                                                                                                                                                 2= unknown

  Ethics                                   Is ethical approval of the study mentioned?                                                                                                                                                           0= no\
                                                                                                                                                                                                                                                 1= yes

  ethical_board                            What kind of ethical board?                                                                                                                                                                           1= local ethical board (eg, hospital ethics committee, institutional review board)\
                                                                                                                                                                                                                                                 2= regional ethical board\
                                                                                                                                                                                                                                                 3= other

  GCP                                      GCP mentioned?                                                                                                                                                                                        0= no\
                                                                                                                                                                                                                                                 1= yes

  DECHEL                                   Is following the Declaration of Helsinki mentioned?                                                                                                                                                   0= no\
                                                                                                                                                                                                                                                 1= yes

  inexclude                                Do the inclusion/exclusion criteria of the study explicitly address patients who are incapable to give IC?                                                                                            1= incapable patients are explicitly excluded (additionally to the necessity of IC)\
                                                                                                                                                                                                                                                 2= incapable patients are implicitly excluded due to necessity of IC\
                                                                                                                                                                                                                                                 3= incapable patients are not primarily excluded\
                                                                                                                                                                                                                                                 4= IC is not (even) part of the inclusion/exclusion criteria\
                                                                                                                                                                                                                                                 5= not mentioned

  INEXDIAG                                 Were patients with diagnoses related to cognitive impairment excluded?                                                                                                                                0= no\
                                                                                                                                                                                                                                                 1= yes\
                                                                                                                                                                                                                                                 2= not mentioned

  DEMENTIA/PSYCHIATRIC/ADDICTION/OTHER_A   If yes, which type of diagnosis is mentioned? (Dementia)                                                                                                                                              0= no\
                                                                                                                                                                                                                                                 1= yes

  INFINCAP                                 Do we have any information about whether incapable patients were included in the study or not? We screened for signs of incapability, such as cognitive impairment, dementia, caregivers, and so on   0= no\
                                                                                                                                                                                                                                                 1= yes

  included_patients                        If yes, were incapable patients included?                                                                                                                                                             1= not incapable\
                                                                                                                                                                                                                                                 2= incapable are included

  incapable_assent_dissent                 In incapable patients, when consent was given by a third party, did the patient give his assent or dissent?                                                                                           0= not mentioned\
                                                                                                                                                                                                                                                 1= dissent/assent mentioned

  dissent_assent_consequences              If yes, was dissent/assent recognized? What were the consequences?                                                                                                                                    0= no consequences\
                                                                                                                                                                                                                                                 1= dissent accepted → exclusion of patient\
                                                                                                                                                                                                                                                 2= ethical board request
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Note:** Reported signifies a presentation of quantitative results, whereas mentioned is used for a categorical documentation of specific items without quantifications.

**Abbreviations:** BMI, body mass index; IC, informed consent; MMSE, Mini Mental Status Examination; AMT, Abbreviated Mental Test; SIS, six-item screener; 6-CIT, Six Item Cognitive Impairment Test; CDT, Clock Drawing Test; GPCPG, general practitioner assessment of cognition.

**Disclosure**

The authors report no conflicts of interests in this work.
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###### 

Screening variables

  --------------------------------------------------------------------------------------------------------------------------
  Article details                                Handling of IC
  ---------------------------------------------- ---------------------------------------------------------------------------
  Title\                                         Documentation of IC\
  Author\                                        Consent giver (patient vs third party)\
  Country of study\                              Consent giver in incapable patients\
  Continent of study\                            Assessment of capability in patients\
  Impact factor (of journal)\                    Inclusion/exclusion of incapable patients\
  Journal\                                       Exclusion of patients with diseases correlated with cognitive impairment\
  Year (of publication)\                         1. Dementia\
  Multicenter trial\                             2. Psychiatric\
  Randomized trial                               3. Addiction\
                                                 4. Other\
                                                 Dissent/assent of incapable patients

  **Demographic data**                           

  Age\                                           
  1. Minimum\                                    
  2. Maximum\                                    
  3. Mean age\                                   
  Distribution of ASA\                           
  Screening number\                              
  Number of included patients                    

  **Handling of ethical aspects**                

  Documentation of\                              
  1. Approval by a competent ethics committee\   
  2. Adherence to the DoH\                       
  3. Adherence to GCP principles                 

  **Handling of frailty**                        

  Assessment for frailty\                        
  Frailty as exclusion criterion\                
  Assessment of weight and nutritional status\   
  ASA 3 or 4\                                    
  Independent walking\                           
  Low-energy trauma\                             
  Trauma from falling\                           
  Independent living\                            
  Documentation of age-relevant pathologies\     
  1. As the exclusion criteria\                  
  2. As descriptive part of demographics\        
  Assessment of cognitive impairment\            
  1. As the exclusion criteria\                  
  2. Kind of assessment\                         
  Cut-off point                                  
  --------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** ASA, American Society of Anesthesiologists; DoH, Declaration of Helsinki; GCP, Good Clinical Practice; IC, informed consent.

###### 

Assessment for aspects of frailty and its impact on inclusion practice

  Criterion                                   Category                           Assessment reported   Use as exclusion criterion                    
  ------------------------------------------- ---------------------------------- --------------------- ---------------------------- ---- ----- ----- ----
  Age                                         Definition of an upper age limit                                                           20    183   11
  Frailty                                                                        94                    183                          51   66    183   36
  Weight/nutritional status                                                      46                    183                          25               
                                              Weight                             16                    183                          9                
  Nutritional status                          4                                  183                   2                                             
  Both aspects                                26                                 183                   14                                            
  Age-related pathology                                                          82                    183                          45   72    183   39
  Exclusion of patients incapable of IC                                                                                                  117   183   64
  Diagnoses related to cognitive impairment                                                                                              71    183   39
                                              Dementia                                                                                   57          31
  Psychiatric                                                                                                                       23         12    
  Addiction                                                                                                                         25         14    
  Other                                                                                                                             11         6     
  ASA (44)                                    ASA                                71                    183                          39               
  Independence in walking                                                        21                    183                          11               
  Independent living                                                             13                    183                          7                

**Abbreviations:** ASA, American Society of Anesthesiologists; IC, informed consent.

###### 

Distribution of patient characteristics across studies

  Characteristics   Distribution                 
  ----------------- -------------- ------ ------ ----
  Minimum age       140            50     68     76
  Maximum age       140            79.5   89     96
  Mean age          160            65     78     84
  \% ASA 3 or 4     44             0      35.5   87

###### 

Handling of IC

  Characteristic                                                 Category               n     N     \%
  -------------------------------------------------------------- ---------------------- ----- ----- -----
  IC as inclusion criterion                                                             144   183   79
  Specification of consenting party                                                     138         75
                                                                 No description         45          25
  Patients                                                       116                          63    
  Relatives/guardian                                             2                            1     
  Patient and/or proxies                                         20                           11    
  Phrasing of the IC-giving party                                                       19    183   10
                                                                 Legal representative   5           3
  Proxy                                                          2                            1     
  Relative                                                       9                            5     
  Relatives or friends                                           2                            1     
  Legal representative or caregiver                              1                            0.5   
  Assessment of capacity                                                                17    183   9
                                                                 No documentation       166         91
  Clinical judgment                                              4                            2     
  Specific assessment of cognitive impairment                    11                           6     
  Existence of legal representative                              2                            1     
  Information on the inclusion of incapable patients                                    83    183   45
  Documentation of patients' assent/dissent for third-party IC                          1     183   0.5

**Abbreviation:** IC, informed consent.

###### 

Study characteristics

  Characteristics                Variables                                                 n         N        \%
  ------------------------------ --------------------------------------------------------- --------- -------- --------
  Country/continent                                                                                  183      100
                                 **Europe**                                                **116**            **63**
  Germany                        19                                                                  10       
  The Netherlands                17                                                                  9        
  Sweden                         15                                                                  8        
  Norway                         12                                                                  7        
  Spain                          9                                                                   5        
  UK                             9                                                                   5        
  Denmark                        8                                                                   4        
  Italy                          7                                                                   4        
  Austria                        4                                                                   2        
  Greece                         4                                                                   2        
  Finland                        3                                                                   2        
  France                         3                                                                   2        
  Belgium                        2                                                                   1        
  Switzerland                    2                                                                   1        
  Czech Republic                 1                                                                   0.5      
  **Asia**                       **47**                                                              **26**   
  China                          15                                                                  8        
  South Korea                    9                                                                   5        
  Turkey                         7                                                                   4        
  Taiwan                         6                                                                   3        
  Israel                         4                                                                   2        
  Japan                          4                                                                   2        
  China and Australia            1                                                                   0.5      
  Hong Kong                      1                                                                   0.5      
  **Australia/Oceania**          **4**                                                               **2**    
  Australia                      3                                                                   2        
  New Zealand                    1                                                                   0.5      
  **USA/Canada/South America**   **17**                                                              **9**    
  USA                            11                                                                  6        
  Canada                         3                                                                   2        
  Brazil                         2                                                                   1        
  USA and Canada                 1                                                                   0.5      
  Year of publication                                                                                183      100
                                 2005                                                      17                 9
  2006                           8                                                                   4        
  2007                           14                                                                  8        
  2008                           13                                                                  7        
  2009                           13                                                                  7        
  2010                           19                                                                  10       
  2011                           23                                                                  13       
  2012                           21                                                                  11       
  2013                           21                                                                  11       
  2014                           27                                                                  15       
  2015                           7                                                                   4        
  Randomized                                                                               131       183      72
  Multicenter                    Yes                                                       19        183      10
                                 No                                                        113       183      62
                                 Not mentioned                                             51        183      28
  Impact factor classes                                                                    181       183      100
                                 0--1.00                                                   40                 22
  1.01--2.00                     61                                                                  34       
  2.01--3.00                     46                                                                  25       
  3.01--5.00                     27                                                                  15       
  5.01--10.99                    7                                                                   4        
  Ethical approval mentioned                                                               145       183      79
  Ethical board mentioned                                                                  139       183      76
  GCP                                                                                      7         183      4
  DoH                                                                                      34        183      19
  Low-energy trauma                                                                        31        183      17
  Trauma after falling                                                                     20        183      11
                                                                                           p10       Median   p90
  Population size                Number of included patients                               24        75       319
  Recruitment rate               Number of included patients/number of screened patients   0.15      0.58     0.95

**Abbreviations:** DoH, Declaration of Helsinki; GCP, Good Clinical Practice.

###### 

Subtypes of trials

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Characteristics         Category                                                                                               n    N subtype       N total   \%
  ----------------------- ------------------------------------------------------------------------------------------------------ ---- --------------- --------- ------
  Randomized trials                                                                                                                   131             183       71.6

                          Comparison of established approaches or marketed implants                                              41                   131       32

                          Comparison of established surgical techniques[1](#tfn5-cia-14-321){ref-type="table-fn"}                26                   131       19

                          Comparison of established substances for anesthesia or analgesia                                       9                    131       8

                          Comparison of established anesthesiologic techniques[2](#tfn6-cia-14-321){ref-type="table-fn"}         13                   131       10

                          Comparison of perioperative interventions to standard care[3](#tfn7-cia-14-321){ref-type="table-fn"}   41                   131       31

                          Experimental new product vs standard care                                                              1                              

  Non-randomized trials                                                                                                               52              183       29

                          Analysis of established approaches or marketed implants                                                21   −5 nRCT\        52        40
                                                                                                                                      −9 pCS −7 rCS             

                          Analysis of established techniques                                                                     4    −4 pCS          52        8

                          Analysis of experimental techniques                                                                    2    −2 nRCT         52        4

                          Analysis of established substances for anesthesia or analgesia                                         4    −3 pCS\         52        8
                                                                                                                                      −1 rCS                    

                          Trials on scoring                                                                                      4    −1 nRCT\        52        9
                                                                                                                                      −2 pCS −1 rCS             

                          Analysis of perioperative interventions                                                                17   −9 nRCT\        52        32
                                                                                                                                      −8 pCS                    
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:**

E.g. open reduction and internal fixation vs. arthroplasty, internal vs. external fixation,

e.g. spinal vs. general anästhesia, nerve block vs. iv analgesia,

e.g. orthogeriatric complex treatment yes/no, specific physiotherapeutic regimen yes/no.

**Abbreviations:** nRCT, non-randomized trials; pCS, prospective case series; rCS, retrospective case series.

###### 

Mention of ethical guidelines and potential restriction of inclusion per trial type

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                     Ethics\   Ethics   GCP   DoH   IC[a](#tfn9-cia-14-321){ref-type="table-fn"}   Frailty[b](#tfn10-cia-14-321){ref-type="table-fn"}   Capability[c](#tfn11-cia-14-321){ref-type="table-fn"}   Cognitive impairment[d](#tfn12-cia-14-321){ref-type="table-fn"}
                                                     GCP\                                                                                                                                                                                       
                                                     DoH                                                                                                                                                                                        
  -------------------------------------------------- --------- -------- ----- ----- ---------------------------------------------- ---------------------------------------------------- ------------------------------------------------------- -----------------------------------------------------------------
  RCT 130                                            4         86       5     21    84                                             40                                                   69                                                      46

  RCT~experimental~ 1                                0         100      0     0     100                                            0                                                    0                                                       0

  Prospective case series 26                         0         62       0     8     73                                             35                                                   65                                                      31

  Retrospective case series 9                        0         33       0     11    33                                             0                                                    0                                                       0

  Prospective non-randomized trial 15                7         73       7     20    73                                             33                                                   60                                                      13

  Prospective non-randomized trial~experimental~ 2   0         100      0     50    50                                             0                                                    50                                                      50
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:**

IC required for inclusion.

Frailty as the exclusion criterion.

Capability as a prerequisite for inclusion.

Diagnoses associated with cognitive impairment as the exclusion criterion.

\% of the specific trial subtype total given below the type.

**Abbreviations:** DoH, Declaration of Helsinki; GCP, Good Clinical Practice; IC, informed consent; RCT, randomized controlled trial.

###### 

Distribution of inclusion rate and ethics

  Year   Ethical board (%)   GCP (%)   DoH (%)   Reporting of analyzed patient number (%)   Reporting of recruitment and screening rates (%)   Number of publications
  ------ ------------------- --------- --------- ------------------------------------------ -------------------------------------------------- ------------------------
  2005   12 (71)             1 (6)     3 (18)    17 (100)                                   5 (29)                                             17
  2006   6 (75)              1 (13)    1 (13)    8 (100)                                    3 (38)                                             8
  2007   10 (71)             1 (7)     2 (14)    14 (100)                                   8 (57)                                             14
  2008   10 (77)             1 (8)     3 (23)    13 (100)                                   2 (15)                                             13
  2009   13 (100)            0 (0)     3 (23)    13 (100)                                   4 (31)                                             13
  2010   16 (84)             0 (0)     5 (26)    19 (100)                                   7 (37)                                             19
  2011   18 (78)             1 (4)     5 (21)    22 (96)                                    7 (30)                                             23
  2012   16 (76)             0 (0)     5 (24)    19 (90)                                    10 (48)                                            21
  2013   18 (86)             0 (0)     3 (14)    20 (95)                                    10 (48)                                            21
  2014   19 (70)             2 (7)     2 (7)     25 (93)                                    12 (44)                                            27
  2015   7 (100)             0 (0)     2 (29)    7 (100)                                    5 (71)                                             7

**Abbreviations:** DoH, Declaration of Helsinki; GCP, Good Clinical Practice.

[^1]: These authors contributed equally to this work
